Background. Sound symbolism (SS) refers to the direct association between the sound and the meaning of a word. The results of cross-linguistic research prove that SS is universal for different languages and cultures. Thirty percent of all natural languages consist of SS words. But despite the large number of psychosemantic studies which have been conducted, the cognitive mechanisms of the perception of SS words still remain unclear.
Introduction
Taking into account the lack of a clear description of the cognitive mechanisms involved in the processing of visually presented SS words, we decided to compare the speed and accuracy of identification of visually presented SS words, in contrast to non-SS words.
Method

Materials
To collect the data, the "Lexical decision" method was used (Ratcliff, Gomez, & McKoon, 2004) as part of the software complex for longitudinal research (Miroshnikov, 2001 ). The research was carried out in two stages. During the first, the perception of visually presented English SS words by Russian learners of English with three different levels of language proficiency, was studied. During the second, the perception of visually presented Russian SS words by Russian native speakers from three different age groups, was studied. . This was the level of the majority of the subjects; 2) Each SS word corresponded to a single non-SS word similar in quality and quantity of vowels and consonants; and 3) Each word corresponded to a non-word formed from it by replacing letters according to the phonotactic rules of English, so that it was similar in composition and quality of vowels and consonants.
The SS stimuli consisted of 11 onomatopes and 9 ideophones. Onomatopes were collected from the lexical lists presented in S.V. Voronin's thesis (Voronin, 1969) . Ideophones were collected from the phonosemantic dictionary of M. Mag- (Magnus, 2017) . The meaning of the sound combinations with a symbolic sense was checked according to the tables of data from statistical research on SS (Drellishak, 2006) . The stimuli used in the first stage of the research are presented in Table 1 .
In the second stage, the stimuli material was selected according to similar criteria: 1) All words were monosyllabic, collected by the method of continuous sampling from etymological (Fasmer, 1986) and phonosemantic dictionaries (Shlyachova, 2004) ; 2) Each SS word corresponded to a single non-SS word of the same acoustic type, e.g. bukh (SS word, meaning bounce) to buk (arbitrary, non-SS word, meaning beech); and 3) each word corresponded to a non-word, formed from it by replacing letters according to the phonotactic rules of Russian, so that it is similar in quality and quantity of vowels and consonants, e.g. slukh (a word meaning hearing) to flyukh (non-word).
The SS stimuli consisted of 20 onomatopoetic words which presented all types of phonosemantic sounds: instant (bukh, bakh, stuk, khlop, khlyup), continuant (vizg, gav, pisk, svist, chmok, pshik) , frequentative (skrip, tresk, khrip, khrup, chirk), and integrated sounds (lyazg, plesk, plyukh, shcholk) that combine the characteristics of instant, continuant, and frequentative sounds. The transliterated Russian stimuli used in the second stage of the research, along with their English equivalents in brackets, are presented in Table 2 .
Procedure
The study was carried out according to the classical "Lexical decision" method (Meyer & Schvaneveldt, 1971; Ratcliff, Gomez, & McKoon, 2004) during both stages of the research. A subject received instructions (first orally, and then visually on the screen) explaining the task sequence and telling him/her to make a decision as quickly as possible. Then, 20 SS words, 20 non-SS words, and 40 non-words were presented on the screen in random order one by one (see Tables 1 and 2 ). The subject's task was to identify the presented stimulus as a word or non-word by pressing the button which corresponded to the type of the stimulus. Identification time was restricted to no more than 1000 ms. We collected data on the time required for identification, the number of errors, and the number of delays. The experimental session was preceded by a training one, where 10 words and 10 non-words were presented in random order.
The sample
In total, 148 persons were surveyed. The first stage of the study involved 90 participants, among them 25 male and 65 female, aged 17 to 20 years, who were divided into four groups according to the level of their English language proficiency: 1) 0-A1: 9 people; 2) A2-B1: 15 people; 3) B1-B2: 54 people; and 4) B2+: 12 people. All participants were Russian-speaking first-year B.A. students studying at the faculty of Asian and African Studies, the faculty of Philology, and the faculty of Psychology of St. Petersburg State University who had studied English as a foreign language.
The second stage of the study involved 58 Russian-speaking subjects, divided into three groups according to their age: 1) 15 years old and younger: 4 people; 2) 15-50 years old: 31 people; and 3) 51 year old and older: 23 people. The entire sample included 23 males and 35 females.
Statistical data analysis
In total, 5902 target stimuli were presented. The distributions of correct answers, errors, and delays for SS and non-SS words were compared using the chi-square test. To compare the reaction times for word recognition, the average reaction time for SS and non-SS words was calculated for each subject; hereafter the sequence of stimulus was presented as repeated measures. The comparison was made using the Student's t-test for dependent samples. To check the influence of the level of language proficiency/age on the time taken to recognize the words, a 2-factor analysis of variance with repeated measures ANOVA 2x4 (type of stimuli) and the dependent variable "time" was carried out (Nasledov, 2013) . All statistical analysis was performed using IBM SPSS software version 24.
Results
The distributions of delays, correct answers, and mistakes for SS and non-SS English words are presented in Table 3 . The differences are statistically significant (chi-square=22.606; df=2; p <0.001). The number of correct answers is statistically significantly lower for SS words (83.1%) than for non-SS (88.6%), due to the increase in the number of delays and mistakes.
The times taken for word recognition were compared using the Student's t-tests for dependent samples. The results are shown in Table 4 . Differences were found at a high level of statistical significance (t=4.542; df=89; p<0.0001; R2 =0.188): the average time for SS words recognition is more than that for recognizing non-SS words. The difference in the type of stimulus (SS words /non-SS words) explains 18.8% of the differences in time recognition. According to the results of a 2-factor analysis of variance with repeated measures ANOVA 2x4 (type of stimuli) and the dependent variable "time", the effect of the interaction of factors was statistically insignificant (F (3; 86)= 2.017; p<0.118). Thus, the difference in the time required for recognition of SS and non-SS words is manifest regardless of the level of a subject's language proficiency.
The average values of the word recognition time, depending on the level of language proficiency and the type of stimulus (SS word /non-SS word), are shown in Figure 1 . In Table 5 the distributions of delays, correct answers, and mistakes for SS and non-SS Russian words are presented.
The differences are statistically significant (chi-square = 25.253; df = 2; p < 0.0001; phi = 0.105). The number of correct answers is statistically significantly lower for SS words (70.4%) than for non-SS words (79.5%). The effect was tested for each of the three age groups. For the group "up to 15 years, " the effect was statistically unreliable, likely due to the small number of the sample (chi-square= 0.144; df=2; p<0.931). However, for the other two groups, the effect is statistically significant. For the sample "from 15 to 50 years" the proportion of correct answers for SS words was 73.6%, and for non-SS words, it was 85.5% (chi-square=30.062; df=2; p< 0.0001). For the sample "over 50 years, " for SS words it was 70.4%, and for non-SS, 79.5% (chi-square=6.851; df=2; p<0.033). The time for word recognition was compared using the Student's t-test for dependent samples; the results are shown in Table 6 . Differences were found at a high level of statistical significance (t=5.460; df=57; p<0.0001; R 2 =0.343): the average time for SS words recognition is more than that for non-SS words. The difference in the type of stimulus (SS words /non-SS words) explains 34.3% of the difference in time recognition.
To check the influence of age on the time of word recognition, a 2-factor analysis of variance with repeated measures ANOVA 2x3 (type of stimuli) was undertaken, with the dependent variable "time" (ms).
Statistically significant effects of the factor "type of stimuli" (F (1; 55)=17.883; p<.0001) and the factor "age" (F (2; 55)=5.978; p<0.004) were found. The effect of the interaction of factors was statistically insignificant (F (2; 55)=0.953; p<0.392). Thus, the difference in time recognition of SS and non-SS words is manifested re-gardless of age. The average values of the word recognition time depending on the age group and the type of stimulus (SS words /non-SS words) are shown in Figure 2 . 
Discussion
The results show that Russian native speakers recognize both Russian and English SS words more slowly and less correctly than non-SS words when they are presented visually. Furthermore, the magnitude of this effect for Russian SS words (R 2 =0.343) is higher than for English ones (R 2 =0.188). The result is also interesting because, in total, 40 pairs of stimuli were used in the experiment, while in the majority of studies of SS, no more than eight pairs of stimuli were used (Westbury, 2018) .
It would appear that the observed delay in the identification of words is caused by the cognitive complexity of the task, since, in addition to the cross-modal interaction system, two interfering systems of information processing are supposed to be activated. One is the system of decoding semantic information automated in ontogeny, associated with the left-brain contour of functional dominance with dominant right-handedness, and other is the figural system of decoding information that requires the activation of right hemisphere resources.
In the EEG experiment on perception of words and non-words, consistent coherence in the beta range in the left hemisphere was recorded when the subjects perceived the words (von Stein, 1999) . Similarly, in EEG research on understanding visually presented texts with the increasing completeness of information, highfrequency activity with the predominant involvement of the left hemisphere in the phase of idea generation was recorded as well (Tkacheva, 2015) .
What is also significant is that the delay in recognizing SS words remained regardless of age. But it is also necessary to note that the youngest age group in our study corresponded to the age period of 13-15 years (7 th to 9 th grades), an age when the system of decoding semantic information has long ago been automated.
Ideas in support of the cross-modal activation theory underlying the process of identification of SS words, have been repeatedly voiced (Ramachandran, 2001 ).
According to this theory, the search for correspondence between the sound and form of the word can be explained by the presence of sensory connections between the auditory and visual zones of the cortex (Kovic, 2010) . EEG experiments on the perception of SS has proved that infants of 11 and 14 months-old process SS information faster than non-SS (Asano, 2015; Miyazaki, 2013) . It has also been shown that synesthesia, arising in the process of perceiving SS words and associated with activation of cross-modal integration, contributes to better intuitive understanding of information (Revill, 2014; Bankieris, 2015) .
At the same time, in experiments with adults using the method of Event Related Potential (ERP), a delay in cognitive processing of SS information was detected (Lockwood, 2016) , as well as a late negative component in the composition of the ERP as an indicator of audio-visual integration (Molholm, 2002) .
It is very likely that in the initial stages of ontogeny, SS information is an integral part of speech development. The analysis of a single case cannot directly confirm this assumption; however, in a longitudinal study, it was found that SS was the basis for a bootstrapping mechanism of an infant's speech, both at the lexical and phonological levels (Laing, 2014) . In many studies SS is regarded as a stage of the early evolution of language as a linguistic system (Pleyer, 2017; Blasi, 2016) . Therefore the analogy between ontogenesis and phylogenesis suggests we should see SS as an indispensable early stage in the formation of the speech system both at the individual and global levels.
The idea of a bi-directional, competing link, semantic and phonological, interfering with the processing of SS words, has already been expressed (Pexman, 2012 ), but has not been proved experimentally. It is interesting that, when the SS word is perceived by hearing, it is identified more accurately (Revill, 2014) , but when it is presented visually, the probability of error is significantly increased. It turns out that the task of auditory identification of SS is much easier than the task of its visual identification. Apparently, with years of continuous training of the decoding system of semantic information using verbal-logical codes and left-hemisphere strategies (under dominant right-handedness), the latter becomes a priority and is activated at each meeting with semantic information. In this case, if the word contains not only a semantic but also a figurative message, the resources of one semantic system are not enough to decode the information properly. Thus, it is necessary to involve additional processing circuits, that can decipher a figurative sensory message which provokes cross-modal interaction
Conclusion
Our data show that, in comparison with non-SS words, visual perception of SS words of both native and foreign language, causes a delay in cognitive processing in adult subjects. This is probably because SS words carry information in two dimensions at the same time: semantic and sensual. For this reason, visual cognitive processing of such a stimulus is more complex and slower, and involves activation of at least two processing loops.
To further this research, we are planning to conduct a psychophysiological experiment with the help of EEG and ERP, registering the bioelectric activity of the brain when it is in the process of decoding SS words, presented both visually and audibly. We hope to get information about the reorganization of the brain's systemic activity in processing SS words. In addition to contributing to the solution of the psychophysiological problem at the methodological level, this will allow us to approach an understanding of neurocognitive mechanisms of perception of SS.
Limitations
This study would have been more complete if it had been possible to collect information about the cognitive processing of visually presented words by primary school pupils who had only formed, but not yet automated, the decoding system for semantic information. It would also be useful to collect information on the contour of interhemispheric functional interaction, and to render this factor as a dependent variable when taking into account the quantitative indices of perception of SS.
